Introduction
It is currently believed that the oxidatively modified LDL plays a key role in the development of atherogenesis [ 1-31. Abundant data suggest that the oxidative modification of low-density lipoprotein (LDL) is mediated by lipid-derived free radicals, lipid hydroperoxides, or aldehydes derived from them [4-lo] . Although several oxidizing species have been shown to initiate the oxidative modification of LDL (Table l) , the exact nature of oxidant species or enzymes responsible for oxidation of LDL in vivo still remains unknown.
LDL oxidation has been shown to be sitespecific [25] . In order to fully understand the mechanism of oxidative modification of LDL, it is essential to investigate and characterize the sitespecific formation of oxidants and their reactions. For example, the water-soluble radical traps may simply scavenge free radicals generated in the aqueous phase, without affecting LDL modification. In contrast, the lipid-soluble scavengers should react with lipid-derived radicals that are more target-specific. The water-soluble reductants, such as ascorbic acid, can regenerate vitamin E in LDL via a recycling mechanism [26, 27] .
Electron spin resonance (e.s.r.) is the only physical technique that can provide unambiguous structural information on free radicals. Direct e.s.r. has been used to detect phenoxyl radicals formed during oxidation of LDL [26, 271 . Direct e s r . has also provided unequivocal evidence for the reaction between LDL-associated a-tocopheroxyl, probucol phenoxyl radicals and ascorbic acid [26, 271 . The technique cannot, however, be used to detect transient LDL lipid-derived radicals. The e.s.r.-spin trapping technique must be resorted to in this case [28-301. Spin traps are diamagnetic organic molecules containing either nitroso (-N=O) or nitrone reaction is a kinetic method in which the transient radical (R') reacts with a nitrone or nitroso spin trap forming a more stable nitroxide spin adduct (Eqs. 1 and 2), which is readily detectable by e.s.r. 0 0' 
Spin traps and their solubility characteristics
The octanollwater partition coefficients of commonly used spin traps and their structures are shown in Table 2 .
In a heterogeneous system, such as LDL, the concentration of spin trap in the lipid phase should be dependent on the lipidlwater partitioning. On the basis of the data shown in Table 2 , spin traps a-phenyl-tert-butyl-N-nitrone (PBN) and 2-methyl-2-nitrosopropane (MNP) are undoubtedly more suitable than a-(4-pyridyl-1 -oxide-N-tert-butylnitrone (POBN) and 2-hydroxymethyl-2-nitrosopropane (MNP-OH) for trapping radicals in the LDLllipid phase and in the aqueous phase. Figure 1 shows the e.s.r. spectra of spin adducts of PBN, POBN, MNP, MNP-OH and dibromonitrosobenzenesulphonic acid (DBNRS) formed during Cu'+-catalysed oxidation of LDL. Spin adducts formed with PRN, MNP and DBNRS are immobilized. This spectral feature is consistent with their restricted rotation in LDL lipid. It has been Volume 21 Table 2 The octanol/water partition coefficients of spin traps Partition coefficient Spin trap Structure POBN/.CSH,, [34] . The exact structure of the MNP-OH-derived adduct could not be determined with certainty.
E.s.r. spectra of spin adducts formed in LDL

Effect of spin traps on TBARS and LDL modification
The commonly used biochemical indices of LDL modification are thiobarbituric acid reactive substances (TBARS) formation, apoprotein B degradation, and macrophage-mediated uptake of oxidized LDL. We have examined the effects of different spin traps on TBARS formation and on the uptake of LDL by macrophages (Table 3) .
Clearly, the lipid-soluble nitrone spin trap PBN is more effective than its water-soluble analogue POBN in inhibiting TBARS formation and macrophage-mediated degradation of LDI,. With nitroso spin traps, there were some unexpected results. The lipophilic MNP showed inhibition, as expected. However, most unexpectedly, the watersoluble MNP-OH also inhibited LDL degradation, despite the fact that it does not trap radicals in the lipid phase. Inhibition by MNP-OH has been tentatively attributed to trapping of aldehydes [34] . The water-soluble aromatic nitroso spin trap DHNHS presents the greatest dilemma, in that DHNBS itself caused the modification of LDL, but decreased TRARS formation. Clearly, much more needs to be elucidated concerning the interaction between nitroso spin traps and LDL. Results from nitrone spin traps are, however, encouraging. Based on the recent finding that PBN prevents endotoxininduced release of interleukin-1-p, it can be concluded that PBN or PHN-like spin traps may represent a new approach to the treatment or prevention of atherosclerosis [35] . 
